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ABSTRACT The genes encoding the heavy- and light- 
chain Fv regions of the monoclonal murine antibody B3» which 
recognizes a carbohydrate antigen on the surface of many 
human carcinomas, were cloned by PCR techniques and used 
to generate single-chain immunotoxins containing Pstudomo- 
nas exotoxin (PE). The light and heavy chains were connected 
by a flexible linker to form a single-chain antigen-binding 
protein, B3(Fv), which was in turn fused to truncated forms of 
PE lacking the cell-binding domain. The single-chain Fv and 
two different B3(Fv) immunotoxins, B3(Fv)-PE40 and B3(Fv)- 
PE38KDEL, were expressed in Escherichia coti and the single- 
chain immunotoxins were purified to near homogeneity. Both 
recombinant Immunotoxins were shown to be cytotoxic specif- 
ically to carcinoma cell lines that express the B3 antigen on their 
surface; B3(Fv)-PE38KDEL was significantly more active. 
Furthermore, intravenous administration of B3(Fv)-PE- 
38KDEL caused complete regression of human epidermoid 
carcinomas growing subcutaneously in immunodefldent mice. 



The monoclonal antibody (mAb) B3 is a recently isolated 
murine antibody directed against a carbohydrate antigen in 
the Le Y family that is found on the surface of many mucinous 
carcinomas of the colon, stomach, ovaries, breast, and lung 
as well as some epidermal carcinomas (1). Because it reaefs 
with only a limited number of normal tissues, mAb B3 is an 
ideal candidate for the treatment and diagnosis of cancer. To 
make a cytotoxic agent, mAb B3 was chemically coupled to 
two different forms of Pseudomonas exotoxin (PE). One of 
these was the full-length toxin (PE) and the other was a 
truncated derivative (PE40) (2). Both of these immunotoxins 
were cytotoxic selectively to tumor cells that contained the 
B3 antigen on their surface and caused complete tumor 
regression in mice bearing human tumor xenografts (3). 
Although this first-generation immunotoxin has properties 
that indicate it should be developed further as a drug for the 
treatment of cancer, immunotoxins made by chemical con- 
jugation methods have several undesirable properties. One is 
that the chemical modifications can change the antibody and 
affect its binding to antigen. A second is that the purified 
immunotoxins are a heterogeneous mixture of antibody- 
toxin molecules connected to each other via different posi- 
tions on the antibody and the toxin. Thus, PE can be coupled 
to either the light or the heavy chain of the antibody and to 
different positions on each of these chains. Immunotoxins of 
the second generation are made as recombinant antibody 
Fv-fusion proteins in bacteria. It has been shown (4, 5) that 
single-chain antigen-binding proteins (scAfis, scFvs) made 
from the Fv portions of the heavy and light chain of anti- 
bodies held together by a polypeptide linker can have the 
same binding properties as their full-length two-chain coun- 
terparts. Furthermore, fusion proteins composed of scABs 
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linked to toxins retain the binding capacity of the scAB as 
well as the activity of the toxin (6-9). 

Potent single-chain immunotoxins have been made previ- 
ously by fusing the Fv domains of antibodies directed at the 
interleukin 2 receptor (6, 7) or at the transferrin receptor (8) 
to truncated forms of PE or diphtheria toxin (10). Receptors 
often make good immunotoxin targets because they are cell 
surface proteins that can be rapidly internalized, and toxins 
must be internalized to kill cells. Here we describe the 
cloning of DNA fragments that encode the Fv region of mAb 
B3, which is directed against a carcinoma-associated cell 
surface antigen, and the construction of plasmids for expres- 
sion in Escherichia coli of the B3 single-chain antibody, 
B3(Fv), fused to two different truncated PE molecules. 
Further we show that these recombinant B3(Fv) immuno- 
toxins are cytotoxic selectively to cultured human tumor cells 
bearing the B3 antigen, and they cause complete regression 
of human tumors growing in immunodeficient mice. 

MATERIALS AND METHODS 

Cloning of DNA Fragments Encoding the Heavy and Light 
Fv Region of mAb B3. Cloning experiments and propagation 
of plasmids were carried out generally in £. coli HB101 (11). 
DNA fragments encoding the Fv portions of the heavy and 
light chains of mAb B3 were obtained by PCR amplification 
of single-stranded DNA, which was synthesized by random- 
primed reverse transcription of mRNA from a mAb B3- 
producing hybridoma cell line. PCR (12) was performed with 
the Perkin-Elmer GeneAmp kit and a Perkin-Elmer/Cetus 
thermocycler, under conditions as described (9). For ampli- 
fication of the heavy chain Fv coding region we chose the 
primer pair B3-H1 (5'-TAACT AGGATCCG T CCATATG- 
GATGTGAAGCTGGTGGAGTCTGG-3') and B3-H2 (5'- 
TGGATAGACTGATGGfiSAICCGCCTCCGCCTGAG- 
GAGAC-3'), and for the light chain we chose B3-L1 (5'- 
GTCTCCMfimGGfiflAICCGGTGGTGGCGGATCT- 
GGAGGTGGCGGAAGCGATGTGCTGACCCAGTC- 
TCC-3') and B3-L2 (5'-AGTTGGTGCAGCATC- 

AAAAfimTx A XC TCCAGOT G GT r cc - 3 ')' ^ recog- 
nition sequences Tor Nde 4, Hindlli, and BamHl are 

underlined. These oligonucleotides have at their 3' end 

constant sequences that occur at the beginning and end of 

mouse Fv DNA. At their 5' end are restriction endonuclease 

recognition sites (Nde I, BamHl, Hindlil) for cloning of the 

PCR products as shown in Fig. 1. The products of the 

amplifications of heavy- and light-chain Fv DNA fragments 

were identified by agarose gel electrophoresis to be DNA 

fragments 350 to 400 bp long. They were purified from gels, 

cut with BamHl or /f//idIII (Fig. 1), and, after purification on 

a second gel, ligated with Hindlil- or BamHMinearized and 



Abbreviations: mAb, monoclonal antibody; PE, Pseudomonas ex- 
otoxin. 

♦To whom reprint requests should be addressed. 



8616 



Medical Sciences: Brinkmann et at. 



Proc. Natl. Acad. ScL USA 88 (1991) mi 



83 hybrtdonu mRNA 
hybrldomt cONA 1st ttrand 



PCR (Ollgo B3HUB3H2) 



1 

PCR (Ollgo B3LUB3L2) 



cm. 370 bp fragment 



Nd*t 

BamHI 



ca. 370 bp frag man! 



cloning In pBR322/BamHt/AP 
(pULEEl) 



BamHI Htndtll 
Hindlll 

I 

cloning in p8R322/HlndHUAP 
(pULEE 2) 



/ ✓ 



PfTT) 









PE40 







pULEE 3 



bla 



Fio. 1. Strategy for the cloning of the heavy- and light-chain Fv 
genes of mAb B3 and construction of plasmids for expression of 
B3(Fv) immunotoxins. The cloning strategy is a variation of that 
previously described (9). The plasmid pVC38H, which is used as a 
vector for construction of immunotoxins from heavy- and light-chain 
Fv regions (V H and V L , respectively), contains an Nde I and a 
Hindlll recognition sequence preceding the PE40 gene (9). The 
sequences of the PCR primers are shown in Materials and Methods. 
The * indicates a PCR-derived mutation that was repaired by 
site-directed mutagenesis; L indicates the region encoding the 
(GIy 4 Ser) 3 linker; bp, base pair; AP, dephosphorylation with alkaline 
phosphatase. 

dephosphorylated pBR322 vector (13). The nucleotide se- 
quence of the light- or heavy-chain Fv coding region of mAb 
B3 was determined from double-stranded plasmid DNA by 
using sequencing primers (New England Biolabs) adjacent to 
the BamHI or Hindlll site of pBR322 and a T7 DNA 
polymerase sequencing reagent kit (United States Biochem- 
ical). 

Construction of Plasmids for Expression of B3(Fv) and 
B3(Fv)-Immunotoxins. The expression plasmid p VC38H con- 
tains the gene for the immunotoxin TGFa-PE40 (TGFa, 
transforming growth factor o) under control of the T7 pro- 
moter (9), the T4> transcription terminator at the 3' end of the 
PE40 coding region, and the single-strand replication origin, 
F + , to generate single-stranded phage DNA by cotransfec- 
tion with (M13) helper phages, if desired, to create deriva- 
tives of the plasmid by site-directed mutagenesis. The TGFa 
coding region in p VC38H has an Nde I recognition site at the 
5' end and a Hindlll site at the point of connection to the 
DNA encoding PE40. To create a plasmid for expression of 
the immunotoxin B3(Fv)-PE40 (pULEE3), the TGFa gene 
was removed and replaced by the B3(Fv) gene in a three- 
fragment ligation, using an Nde 1/ BamHI fragment of the 
heavy-chain coding region and the BamHI/ Hindlll fragment 
encoding the light chain Fv (Fig. 1). Because sequence 
analysis showed a mutation (deletion and frameshift) at the 5' 
end of the light-chain Fv gene due to a sequence repetition in 
the PCR primer annealing region, site-directed mutagenesis 



was performed, using uridine-containing single-stranded 
DNA obtained by the Kunkel method (14) from the F + origin 
of pULEE3 as the mutagenesis template. In the resulting 
plasmid (pULIl), the correct amino end of the B3 light chain 
established by partial protein sequencing of mAb B3 is 
reconstructed. To make another B3(Fv) immunotoxin, 
B3(Fv)-PE38KDEL, the PE40-encoding region was removed 
from pULIl from the Hindlll site to an EcoRI site positioned 
just beyond the PE40 gene and was replaced by a Hindlll/ 
EcoRl fragment from pRK79K (R. Kreitman and LP., un- 
published results) encoding the PE variant PE38KDEL, 
which has domain I (amino acids 1-252) and part of domain 
lb (amino acids 365-380) deleted and also contains an altered 
carboxyl-t ertmnal sequence. KDEL (15^. The ex pression 
plasmid pULI4 for production of B3(Fv) was constructed by 
removal of the light-chain and PE40-encoding region from 
pULIl from BamHI to EcoRl replacing it with a PCR 
fragment obtained by amplification of the light-chain Fv- 
encoding sequence with the primer pair B3-L3 + B3-L4. The 
primer B3-L3 (5' -TTGGfiQ^ICCGGTGGTGGCGGATC- 
TGGA-3') is similar to B3-L1, used for cloning of light-chain 
Fv from cDNA, and B3-L4 (5'-AGCGG GAATTQ! ATTATT- 
TAATTTCC AGCTTTGTCCCCG AGC-3 ') is identical to 
B3-L2 in the 3' part for priming the PCR, but at the 5 r end the 
Hindlll site for fusion to PE sequences is replaced by 
translation stop codons followed by an EcoRl recognition 
sequence. 

Expression and Purification of Recombinant B3(Fv)- 
Immunotoxins. Plasmids were transformed in the expression 
host E. coli BL21(ADE3) (16). The bacteria were grown in 
''superbroth" containing 2% glucose, 0.05% MgS0 4 , and 
ampicillin at 100 Mg/ml, induced in the logarithmic phase at 
ODfioo of 3 with 1 mM isopropyl 0-D-thiogalactoside, and 
harvested 90 min later. The recombinant protein was purified 
and analyzed as previously described (6, 7). Protein concen- 
trations were determined by Bradford assay (17). 

Cytotoxic Activity of Chemically Linked and Recombinant 
Immunotoxins. Assays measuring inhibition of protein syn- 
thesis were previously described (6, 7). All assays were 
performed in 96- well plates, each well containing 1.6 x 10 4 
cells in 200 id of medium. For competition assays designed 
toprove the specificity of the recombinant immunotoxins, we 
changed the medium and added 50 /ig of antibody per well 15 
min prior to the addition of the immunotoxin. 

Assay of Blood Levels of B3(Fv)-PE38KDEL In Mice. Six- 
week-old (19- to 20-g) female BALB/c mice were injected 
with 10/ig of B3(Fv)-PE38KDEL in the tail vein. Blood was 
drawn at various time intervals and the level of the immu- 
notoxin was measured by incubating serum with A431 cells 
and measuring inhibition of protein synthesis. A standard 
curve was made with pure B3(Fv)-PE38KDEL and the blood 
level of immunotoxin was calculated by using this curve. 

Antitumor Activity of B3(Fv)-PE38KDEL in Nude Mice 
Bearing a Human Epidermoid Carcinoma. A431 carcinoma 
cells (3 x 10*) were injected subcutaneously on day 0 into 
female nude mice (4-6 weeks old, 18-20 g). Mice with 5 mm 
x 5 mm tumors, which usually developed by day 4, were 
treated with B3(Fv)-PE38KDEL or as a control with mAb B3 
or anti-Tac(Fv)-PE38tCDEL (6). Usually six injections were 
given at 12-hr intervals into the tail vein, starting 4 days after 
tumor implantation. Each treatment group consisted of five 
animals. The volume of the tumor (cm 3 ) was calculated by 
length x width 2 x 0.4. 

RESULTS 

Cloning and Expression of cDNAs Encoding the Variable 
Regions of B3 as a Single-Chain FV and as a Single-Chain 
Immunotoxin. To obtain DNA fragments encoding the Fv 
region of the light and heavy chain of mAb B3, mRNA was 
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prepared from the B3 hybridoma cell line (1) and transcribed 
into single-stranded DNA with reverse transcriptase (Fig. 1). 
The Fv-encoding regions were subsequently amplified by the 
PGR, using primers containing consensus sequences present 
in the conserved regions at the 5' and 3' ends of the Fv domain 
of mouse heavy and light chains (see Materials and Meth- 
ods). The amplified fragments of the expected size (370-400 
bp) were then cloned in pBR322, sequenced, and subcloned 
in plasmids for expression of either the P3(Fv) alone or 
B3(Fv) fusions to two different forms of truncated PE. Qnc 
is PE40, which contains the translocating and ADP- 
ribosylating domains of PE (amino acids 253-^13), but not 
the cell-binding domain (amino acids 1-252). The ofher is 
PE38KDEL, which is derived from PE40 but has a deletion 

A MrinT I — Pv h«avy chain > 

1 TTTAACTTTAAGAACGAGATATACATATG^TGTGAAGCTCQTCCAGTCTCGCGGAGGCT 6 0 
SO HDVXLVB5QG0L 
SVKLVBSGCGL 



VQPGa SLKLSCATSGrT FSD 

V 0 p G G S L 

121 ACTATTACATCTATTGGGTTCGCCAGACTCCAGAGAAGAGGCTGGAGTGCMTCGCATACA 180 

Y Y H X V V RQTPCKRLRHVAYI 

181 TTA G TAATGA PGA T AGTTCCGCCGC PTAT TCAGACACTOTAAAGGGCCGGTTCACCATC T 240 
3MDOSSAAYSDTVKGRPTI3 

241 CCAGAGACAATGCCAGGAACACCCTCTACCTGCAAATGAGCCGTCTGAAX3TCTGJUSGACA 300 
RDNARNTLYLQHSRLKSEDT 

301 CAGCCATATATTCCTGTOCAAGAGGACTGGCCTGGGGAGCCTGGTTTGCTTACTGGGGCC 360 
AXTSCAROLAtfGAHPAYMGO 

B»mHT 

361 AAGGC^CTn^GGTCACTGTCTCCTCAG<XGGAGGCGCArCC(^TGCrGGCGGATCTGGAG 420 
GTLVTVSSGGGGSGGGGSGG 
< Fv heavy chain— I Linker 

-Linker 1 Fv light chain > 

421 GTGGCGGAAGCGATGTGCTGATGACCCAGTCTCCATTGAGTTTACCTGTCAGTCTTGGAG 4 60 
GGSDVLMT QSPLS LPVSLGD 
OVhHTQSPtSLBVSLC? 

481 ATCAAGCCTCCATCTCITGCAGATCTAGTCAGATCATTGTACATAGTAATGGAAACACCr 54 0 
QASISCRSSOIIVHSKONTT 
0 

541 ATTTAGAJkTGGTACCTaCAGAMCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTT 600 
LBHYLQKPGQSPKI.LIYKVS 

. 601 CCAACCGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCA 660 
NRrsOVPDRrSG6G5GTDPT 

661 CACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGAGTTTATTACTGCTTTCAAGGTT 720 
LKISRVgAEDLGVYYCPQGS 

% HinrfTTT 

721 CACATGTTCCATTCACGTTCGGCTCGGGGACAAAGCTGGAAATTAAAGCTTT. . .. 772 
HVP P TTGSGT K L E I KA P --> PE40 



ECQRF 

721 CACATGTTCCATTCACGTTCGGCTCGGGGACAAAGCTGGAAATTAAATAATGAATTCC 779 
HVPPTFGSGTKLEIK* * --> Term 

Fig. 2. Nucleotide sequences encoding the heavy- and light- 
chain Fv region of mAb B3. (A) The heavy chain Fv coding region 
extends from position 30 to 383, the light-chain Fv gene from position 
433 to 767, and the linker from 384 to 432. The deduced amino acid 
sequence (one-letter symbols) is shown in roman letters; below in 
italic letters is the protein sequence determined by Edman sequenc- 
ing of the antibody. The first amino acid encoded by the cloned 
heavy-chain Fv gene is Asp instead of Glu due \o the oligonucleotide 
primer used. Position 456-465 is the region where the PCR cloning 
artifact was repaired. This sequence encodes the same amino acids 
as the original B3 light-chain gene but uses other codons. Homology 
comparisons to the known nucleotide sequence of PACl immuno- 
globulin k chain (19), which is most similar to the B3 light chain (see 
Discussion), indicates that the original sequence was most probably 
CTCTCCCTG instead of TTGAGTTTA. thus the natural B3 light 
chain gene has a sequence repetition between positions 445 and 465 
5 -<CCAGTCT[CC)ACTCTCC]-3' which is seen by comparing the 
sequences in each of the overlapping brackets and which is respon- 
sible for the incorrect primer annealing in PCR. (B) Sequence at the 
3' end of the light chain for expression of the single chain B3(Fv) 
alone. SD, Shine-Dalgarno consensus sequence; translation stop 
signal; Term, transcription terminator. 



MW a b c d e f g MW 




Fto. 3. SDS/PAGE (20) of recombinant B3(FV) and B3(Fv) 
immunotoxins from bacterial inclusion bodies on a 12.5% polyacryl- 
amide gel. Lane a, total cell protein of induced bacteria producing 
single-chain B3(Fv); lane b, total protein of cells producing B3(Fv)- 
PE40; lanes c and d, supernatant of sonicated cells producing B3(Fv) 
(c) or B3(Fv)-PE40 (d); lane e, inclusion bodies containing B3(Pv); 
lane f f B3(Fv)-PE40 inclusion bodies; lane g, purified B3(Fv)-PE40 
protein after gel filtration. MW, molecular weight standards, indi- 
cated on the left x 10~ 3 . 

of amino acids 365-380, which removes a disulfide bond (18), 
and a change in the carboxyl end of PE (KDEL), which 
increases cytotoxic activity (15). 

A summary of the cloning strategy and the structure of the 
B3(Fv)-PE40 gene is shown in Fig. 1. Sequence analysis of 
the PCR products obtained after the first cloning step in 
pBR322 indicated that a frameshift deletion had occurred at 
the beginning of the light chain, resulting in the deletion of 
seven nucleotides. This artifact is likely due to a sequence 
repetition at the beginning of the light chain where the PCR 
primer- anneals (see Fig. 2 for details). This sequence repe- 
tition, winch is a conserved region in the particular class of 
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Fio. 4. (A) Toxicity of B3(Fv)-PE38KDEL for various cell lines. 
(B) mAb B3 inhibition of the cytotoxicity of B3(Fvj-PE38KDEL for 
A431 cells. 
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Table 1. Activities of B3 immuno toxins on various cell lines 



Cytotoxicity (ID 5 o), ng/ml (pM) 







B3 




B3(Fv)- 




Cell line 


Cancer type 


antigen 


B3(Fv)-PE40 


PE38KDEL 


B3-LysPE40 


MCF7 


Breast 


+ + 


3 (50) 


0.2 (3.2) 


3 (16) 


CRL1739 


Gastric 




3 (50) 


0.3 (5) 


3 (16) 


A431 


Epidermoid vulva 


+ 


3 (50) 


0.8 (13) 


8 (42) 


LNCaP 


Prostate 


+ 


40 (1330) 


20 (325) 


85 (460) 


KB3-1 


Epidermoid cervix 




>i000 


>1000 


>1000 


HUT102 


Adult T-cell leukemia 




>1000 


>1000 


>1000 



light chains to which B3 belongs, could make it difficult to 
clone other light-chain Fv sequences of this class by using 
"consensus" FCR primers. We repaired this deletion by 
site-directed mutagenesis, using as our guide the amino- 
terminaJ sequence of the B3 light chain, which was deter- 
mined by Edman degradation to be VLMTQSPLSL- 
PVSLGXQ, The heavy-chain sequence was also determined 
by Edman degradation and found to be EVKLVES- 
GGGLVQPGGSL. Comparison of these amino acid se- 
quences with the sequences deduced from the nucleotide 
sequences of the cloned Fv DNA segments indicated that the 
clones isolated encoded the light- and heavy-chain variable 
regions of mAb B3 (Fig. 2). 

Expression of B3(Fv)-PE40 and B3(Fv)-PE38KDEL was 
carried out as described in Materials and Methods. About 
30% of the total protein of the induced cultures was the 
recombinant expression product, deposited in inclusion bod- 
ies. The purified inclusion bodies contained almost pure 
recombinant protein, which had the expected molecular 
weight of about 67,000 for a single-chain immunotoxin (Fig. 
3). These immunotoxin molecules were solubilized, refolded, 
and purified; their purity is shown in Fig. 3. 

Cytotoxicity of B3(Fv)-PE40 and B3(Fv)-PE38KDEL. Two 
different recombinant B3(Fv) immunotoxins were analyzed 
for their ability to inhibit protein synthesis. As shown in Fig. 
4 and in Table 1, the recombinant single-chain immunotoxins * 
inhibited protein synthesis in cells expressing the B3 antigen 
but not in nonexpressing cells, similar to the previously 
described results with a chemical conjugate of B3 with a 
truncated form of PE (2). The relative potencies of the 
chemical conjugate and the single-chain immunotoxins were 
about the same on the four antigen-positive cell lines MCF-7, 
CRL 1739, A431, and LNCaP. The most active agent was 
B3(Fv)-PE38KDEL. To analyze whether the cytotoxicity of 
B3(Fv)-immunotoxins was specific, competition experiments 
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Fig. 5. Blood levels of B3(Fv)-PE38KDEL in mice. BALB/c 
mice were injected i.v. with 10 of B3(Fv>PE38KDEL and 
immunotoxin concentrations were measured at different time peri- 
ods. Bars indicate SD. 



were carried out with an excess of mAb B3. The data in Fig. 
4B show that the intoxication of A431 carcinoma cells by 
B3(Fv)-PE38KDEL is due to the specific binding to the B3 
antigen, since its cytotoxicity was blocked by excess mAb B3 
but not by mAb HB21, which recognizes the transferrin 
receptor on these ceils (21). A large excess of mAb B3 is 
necessary for reversal of cytotoxicity, probably because 
there is a large amount of the B3 antigen on the surface of 
A431 cells (1, 3). 

Antitumor Effects of B3(Fv)-PE38KDEL in Mice. Because 
B3(Fv)-PE38KDEL was the most active agent in cell culture, it 
was tested against subcutaneous tumor xenografts in nude mice. 
To do this, A431 cells were implanted subcutaneously; 4 days 
later tumors had developed. Because the lifetime of B3(Fv> 
PE38KDEL in the circulation of the mice was observed to be 
only 15-20 min (Fig. 5), we chose to inject the single-chain 
immunotoxin twice daily for 3 successive days. As shown in Fig. 
6, injection of 2.5, 5, or 10 /xg twice daily produced complete 
tumor regression. Partial regression was observed when only 0.5 
fig was injected. No toxicity was observed at these doses. In 
addition, when mice with large tumors, about 1 cm in diameter 
and containing about 5 x 10 s cells, were treated with 5 /ig twice 
a day for 4 days, complete regression rapidly occurred (Fig. 6£>). 
Regression of MCF-7 tumors (breast carcinoma) also was ob- 
served with 5 w of B3(Fv)-PE38KDEL twice daily. In control 
experiments, mice were treated with either mAb B3 or anti- 
Tac(Fv>PE38KDEL, which is cytotoxic for cells with interleu- 
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Time, days 

Fig. 6. Effect of B3(Fv)-PE38KDEL on the growth of A431 
tumors in nude mice. Mice were injected with 3 x 10 6 A431 cells on 
day 0 and treated beginning on day 4 wiu) i.v. injections every 12 hr 
for 3 days (six injections, total). (A) o, Untreated; 10 pg of 
B3(Fv)-PE38KDEL. (B) a, 2.5 of B3; », 5 M g of B3(Fv)- 
PE38KDEL. (C) A, 2.5 fig of anti-Tac(Fv)-PE38KDEL; A, 2.5 /ig of 
B3(Fv)-PE38KDEL; o. 0.5 fig of B3(Fv)-PE38KDEL. (D) Treatment 
began on day 7 with i.v. injections every 12 hr for 4 days (eight 
injections, total), o, Untreated; a, 5 /ig of B3(Fv)-PE38KD£L. Bars 
indicate SD. 
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Table 2. Structure and activity of B3 immunotoxins on 
A431 cells 





Toxin 


Carboxyl 




ID* 




Immunotoxin 


part 


terminus 


Binding 


ng/ml 


pM 


B3 chemical 












conjugate 


PE40 


REDLK 


Bivalent 


8.0 


42 


B3(Fv) fusion 












protein 


PE40 


REDLK 


Monovalent 


3.0 


50 


B3(Fv) fusion 












protein 


PE38 


KDEL 


Monovalent 


0.8 


13 



kin 2 receptors but not for A431 cells (6), and no antitumor effect 
was observed. 



DISCUSSION 

We have cloned DNA sequences encoding the heavy- and 
light-chain Fv domains of the murine mAb B3. This mAb 
recognizes an antigen present on many carcinoma cells, and 
it may be useful for the treatment of various types of cancers 
(1, 3). The heavy- and light-chain regions of mAb B3 were 
connected by a flexible linker (Gly 4 Ser) 3 , which started at the 
carboxyl end of the heavy-chain Fv domain and ended at the 
amino terminus of the light-chain Fv domain. The resulting 
gene encodes the B3(Fv) domain in the form of a single-chain 
antigen-binding protein. We then fused this B3(Fv) gene to 
sequences encoding two different truncated forms of the PE 
molecule to obtain single-chain B3(Fv) immunotoxins. These 
recombinant immunotoxins were shown to kill carcinoma 
cells containing the B3 antigen without affecting control cells. 
The cytotoxicity of the recombinant B3(Fv)-PE40 was similar 
to a chemical conjugate of B3 and PE40 (B3-LysPE40) (3), 
but B3(Fv)-PE38KDEL was considerably more active. Fur- 
thermore, B3(Fv)-PE38KDEL caused complete regression 
of A431 tumors grown in immunodeftcient mice. This makes 
the B3(Fv)-derived single-chain immunotoxins a promising 
alternative to B3 chemical conjugates and a possible second- 
generation immunotoxin for the treatment of solid tumors. 

The authenticity of the cloned DNA fragments was proven by 
comparing the amino-terrninal protein sequences of the B3 heavy 
and light chains with the amino acid sequences deduced from the 
reading frames of the cloned genes (Fig. 2). The DNA sequence 
data further snowed that the B3 heavy chain is a member of the 
mouse class III (A) heavy-chain group (22) and that it is 9096 
identical to the heavy chain of mAb 50.1, which, like mAb B3, 
recognizes a ^galactaittxmtaiiiing carbohydrate epitope (23). 
The tight chain is a member of the k class II group (22) and is 96% 
identical to the k light chain of an antibody to the platelet 
fibrinogen receptor (19). 

The analysis of the cytotoxicity of B3-immunotoxins 
showed the same sensitivity pattern of different cell lines 
towards the recombinant immunotoxins as towards the 
chemical conjugates. AH these immunotoxins were very 
cytotoxic to carcinoma cells that express the B3 antigen on 
their surface, including MCF7 (breast), A431 (epidermoid), 
CRL1739 (gastric), and LNCaP (prostate). Also, the recom- 
binant single chain B3-Fv immunotoxins did not affect B3 
antigen-negative control cells. The cytotoxicity of the recom- 
binant B3(Fv)-PE40 (ID J0 = 50 pM; 3.0 ng/ml) was similar to 
that of the chemically linked B3-immunoconjugate (1D 50 = 42 
pM; 8 ng/ml), whereas B3(Fv)-PE38KDEL was much more 
active than the chemical conjugate (ID 50 = 13 pM; 0.8 ng/ml). 
This is despite the fact that the single-chain immunotoxins 
possess only one antigen-binding site per molecule and the 
chemical conjugate has two (Table 2). B3(Fv)-PE38LDEL 
has two features that distinguish it from B3(Fv)-PE40. One is 
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that a portion of domain lb encompassing amino acids 
365-380 is deleted. This removes a disulfide bond formed 
between cysteine residues at positions 372 and 379, which 
might form disulfide bonds with other cysteines during the 
renaturation procedure and result in inactive chimeric toxins. 
The second feature is that the carboxyl terminus of the toxin 
is changed from the original sequence REDLK to KDEL. 
This type of change often produces a 2- to 3-fold increase in 
the activity of chimeric toxins (24). 

B3(Pv)-PE38KDEL was tested for its antitumor effect in 
nude mice bearing A431 tumors. Complete regression of 
tumors was observed when mice received 2.5, 5, or 10 /ig of 
the chimeric toxin twice daily for 3 days, despite the fact that 
B3(Fv)-PE38KDEL has a short lifetime (15-20 min) in the 
circulation. B3(FV)-PE38KDEL also produced complete re- 
gression of tumors about 1 cm in diameter. Previously we 
found it required daily injections of 25 /ig of a chemical 
conjugate composed of B3 and PE40(see Table 2) to produce 
complete regression of small tumors and partial regression of 
large tumors despite the fact that the chemical conjugate has 
a much longer lifetime in the blood (4 hr). The recombinant 
molecule probably has a higher antitumor activity in the 
mouse model because of its small size, which allows better 
access to tumor cells. 

We thank M. Gallo for the preparation of mRNA from the B3 
hybridoma cell line, R. Kreitman for the plasmid pRK79K, and J. 
Batra for the plasmid pVC38H and helpful discussions during the 
B3(Fv) cloning. U.B. is supported by a grant from the Deutsche 
Forschungsgemeinschaft. 
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